Abstract-In this paper, PD-fuzzy logic control has been designed to control product compositions of distillation column. Manual and Particle Swarm Optimisation (PSO) procedures have been applied to tune scaling factors of the controller. Simulation is carried out to minimize the Integral of Square Error (ISE). System behaviour analysis shows very good performance and fast response.
INTRODUCTION
Industrial processes have developed during the recent decades into very complex and remarkably integrated systems, because of the worldwide ambition for more reliable fulfilment of high product quality, more efficient use of energy, tighter safety and environmental regulations. These strict needs naturally make additional difficult and more challenging control problems for industrial process control engineers. Nowadays, difficulties require more effective solutions than can be done by only conventional techniques [1] .
However many control schemes have emerged, linear models are regularly used although many chemical processes represent major nonlinear performance. Acceptable performance, in general, is achieved over a narrow operating range, nonetheless when a wide range of process operations with close-fitting conditions on product composition is in demand. Thus, the nonlinearities become more critical and control performance is sacrificed [2] .
Linear controllers such as Proportional Integral PI, Proportional Derivative PD and Proportional Integral Derivative PID have restrictions in system response to variations in operating points and a poor treatment of system nonlinearities [3] . These limitations could be overcome with fuzzy logic controllers due to their capability of handling nonlinearities and uncertainties of systems, and can be established from heuristic knowledge, without requisite of a precise description of the controlled system [4] . Consequently, many pieces of research have been implemented by fuzzy strategies for distillation process [5] [6] [7] . This paper discusses the findings of the use of a PD-like fuzzy logic controller for distillation column using particle swarm optimisation PSO as tuner to choose the optimal values of scaling factors (gains).
II. DISTILLATION PROCESS
Distillation, doubtlessly, is the most essential and vital process in separation and purification. Almost all petroleum refineries, petrochemical and chemical plants around the world use this technology to separate mixtures into their individual components [7] .
Distillation is reported as an energy intensive process. A report from the US Department of Energy has indicated that distillation is the largest consumer of energy in the chemical industry; typically, it accounts for 40% of the energy consumed by petrochemical plant [8] . In spite of its "thirst" to energy, distillation persists to be a widely used process for separation. Efficiently, operating these columns requires a high degree of automatic control [9] .
The distillation column used in this paper is a binary type as shown in Fig. 1 which enters the feed tray as a continuous stream with flow rate F, normally at the middle, obtaining both a distillate product with composition xD (mole fraction) and a bottom product with composition xB (mole fraction).
The column consists of N = 20 trays. The overhead vapour is totally condensed in a water-cooled condenser (tray N + 1) which is open at atmospheric pressure. The process inputs available for control purposes are the vapour which flows from boiler V (kmol/min) and the reflux flow rate L (kmol/min). Liquid heights in the column bottom and the receiver drum (tray 0) dynamics are not considered for control since flow dynamics is significantly faster than composition dynamics and pressure control is not required meanwhile the condenser is opened to atmospheric pressure.
III. MODELLING OF DISTILLATION COLUMN
The dynamic model can be simplified under the following assumptions: 
IV. FUZZY LOGIC CONTROL
A fuzzy controller transforms a linguistic control strategy into automatic capabilities for managing the nonlinearities and uncertainties of the distillation column system. The aim of this control system is to make product compositions as close to the desired ones as possible. The proposed fuzzy controllers have the structure shown in Fig. 2 . Mamdani inference and the centroid defuzzification mechanisms are applied. The universe of discourse of the inputs and the output are normalized in the interval [ 1, 1] . Thus, actual system values are converted through scaling factors (gains). Seven Gaussian membership functions have been defined for each input, as shown in Fig. 3 . Linguistic expressions given to these fuzzy sets are positive big PB, positive medium PM, positive small PS, positive negative, zero ZE, negative small NS, negative medium NM and negative big NB. The heuristic fuzzy rule base for distillation column controller is shown in Table I and Fig. 2 . They demonstrate rules of the type if-and-then based on error and change in error. The Gaussian membership function has been applied for inputs and output of the fuzzy controller. Gaussian membership function is defined as:
… (13) Where c and mean the deviation of a Gaussian membership function, respectively. The resulting fuzzy set must be converted to a signal that can be sent to the process as a control input. Centroid of the area has been used here for defuzzification. Even though fuzzy logic allows for the conception of simple control algorithms, the tuning of these fuzzy controllers is a more difficult and sophisticated procedure than that of conventional ones. This is because of the membership functions and inference mechanisms are expressed by a large number of parameters [11] .
There are many approaches which have b tune the fuzzy controllers by adjusting memb and/or scaling factors [12] . Due to their r input-output mapping to the discourse un factors have a major influence on t performance. Therefore, adjusting of these p most commonly used technique for tuning f [13] and is not usually straightforward, metho error could be time-consuming [14] .
Remarkably, bio-inspired intelligence a been applied in recent years for tuning fuzzy c V. PARTICLE SWARM OPTIMISATIO PSO algorithm was proposed by Kennedy mimicking the social behaviour of birds flock 2001 [17] .
In PSO procedure, all the agents (particle at a random place and are supposed to chang defined direction in the search space. Each pa is then changed steadily to assert to move alo of its best previous positions to discover ev position with respect to an objective functio initial particle's velocity and position are se and updated by the following equation:
.. (15) where: Vc; velocity of the particle. X; position of the particle. R1, R2; random positive numbers between (0, C1, C2; constants. w ; Weight. Equation 14 is used to compute the new particle according to its preceding velocity a of its current position from its own best posit global best position (GB). Then the particle position, according to Equation 15. The perfo particle is measured according to a pre-d function (performance index).
VI. RESULTS AND ANALYSI
In the present research, two controllers ha with different configurations, manually tuned and PD-fuzzy logic tuned by PSO of the dis The quantitative criteria for measuring contro chosen as steady state error and integral of sq as describe in the following equation:
where e is the error between the desired v of the distillation column (product composition PSO used to find the optimal values of (gains) of PD-fuzzy controllers as shown in Fi It is clear that PD-PSO fuzzy controll robustness and has small steady state error as that tuned with manually. 6.01×10 -4 In order to demonstrate the robustness of P logic controller, this controller has been exam different set points as shown in Fig. 5: 
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1) Fixed-step input for both set points. 2) Asynchronous changed-step input for b
Simple set points have been addresse configuration with fixed-step for both distill with (xD = 0.99 mole fraction) and bottom c (xB = 0.09 mole fraction). The controller s performance and fast response to the desire the second configuration is done to establish controller is to change in both set points at a act as external disturbances. The first change time (30 min), whereas the second one is app (60 min).
It can be noticed that the control actions o fuzzy logic controller is adapted to exclude external disturbances, where the convergenc responses is achieved after the adaptation of th as shown in Fig. 5 . This result gives an indicat fuzzy logic controller, trained by the PSO te ability to cope with external disturbances. 
97
The objective function (fitness) convergen shown in Fig. 6 , with the parameters presented 
VII. CONCLUSIONS
This research introduced the PSO based tu PD-fuzzy logic to control the product com distillation column. The scaling factors of the were tuned using this technique. The integra (ISE) between desired and output product co employed in PSO as objective function (fitne different set points have been applied to test t the controllers. As a result, the PSO-tuned controller can achieve good performance an with good deal with external disturbances for of product compositions of the column implementation of this controller is much traditional approaches for the reason that ther derivative knowledge nor complex mathematic ACKNOWLEDGMENT The corresponding author is grateful to th of Higher Education and Scientific Research the current research. 
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